I propose to limit my remarks to the radiology of the larger domesticated animals, chiefly the horse. Early investigators, working with primitive apparatus, obtained unsatisfactory results, and this fact, coupled with the cost of the apparatus, acted as a deterrent to further investigation. I regard this as unfortunate, for I believe that with an up-to-date installation, radiological examination may assist in a sufficient number of cases to warrant its adoption as an ancillary means of diagnosis. I doubt, however, whether I can bring forward anything of value as a basis for comparative discussion; the horse is rather in a class by itself, and my experience is a limited one. I am not trained in radiology, but as a veterinary surgeon I have been interested in the art for the past four years, during which period I have radiographed seventy different living horses, with a total of 230 exposures, and have made about eighty further exposures on cadavers, for calibration and experimental purposes.
I regard this as unfortunate, for I believe that with an up-to-date installation, radiological examination may assist in a sufficient number of cases to warrant its adoption as an ancillary means of diagnosis. I doubt, however, whether I can bring forward anything of value as a basis for comparative discussion; the horse is rather in a class by itself, and my experience is a limited one. I am not trained in radiology, but as a veterinary surgeon I have been interested in the art for the past four years, during which period I have radiographed seventy different living horses, with a total of 230 exposures, and have made about eighty further exposures on cadavers, for calibration and experimental purposes.
The difficulties as I see them are threefold :-(1) The bulk and indisposibility of the patient, which compel us to work at excessive distances. (2) The thickness and irregular outline of most parts of the horse's skeleton, which cause variable shadows difficult to interpret. (3) The designing of suitable apparatus. The maker often has difficulty in appreciating the peculiar requirements of the horse, while the veterinary surgeon, lacking knowledge of X-ray physics, is unable to help, a trouble not likely to be overcome until some veterinary surgeon undergoes an ab initio training in radiology.
It may occasion surprise that I make no mention of resistance on the part of the patient as a difficulty. It is our experience that with patient handling and proper manipulation-an art in which the X-ray team must be trained-the number of horses which cannot be radiographed because they resist is very small. It is important, however, to remove any excess of high spirits by giving the patient exercise during the forty-eight hours preceding exposure to X-rays. A restricted diet is advisable for the same reason, and we impose the same preparation as would be employed for a major operation. A narcotic, in the form of one or two ounces of chloral hydrate, administered by the csophageal tube, is useful at times, although the response to this medicament may be manifested by a motor incobrdination, rather than by dulled mental perception. We plug the ears with cotton wool as a routine measure and find it indispensable in preventing muscular tremors, which are often produced by the noise set up when the switch is let in. The shoe should always be removed before radiographing the hoof, as the metal causes undesirable scattering.
Types of apparatus and technique. -Much of our early work was done with a hard tube possessing a gross focus, and the results were poor. Experience to date has shown that the best photographic effect is obtained with a transformer set, with a medium-line focus metallix tube, which will give a steady output of 80 kilovolts and 42 milliamperes: with this, for almost every part of the horse that MAR.-JOINT Dis. No. 2 648 Proceedings of the Royal Society of Medicine 28 is radiologically accessible, we use a tube-film distance of 26 in. and an exposure of two seconds, which has been proved by experience to give the best results. Fast work is obviously desirable; attempts to employ a Potter-Bucky diaphragm have afforded no help, and a tube box capable of being moved in any direction is necessary. It seems to be a curious equine psychological fact that a nervous patient is less likely to resent an unusual-looking object being brought near to him than to be asked to approach the object. I have no experience of radiograpphing horses in the recumbent position, but there are a few regions, such as the patella and mandible, in which adoption of that position is almost certain to facilitate radiological examination. I am doubtful, however, whether it will extend the field of utility as much as one may be inclined to anticipate. In many of the conditions in which the recumbent position would helpas for instance, disease of the cervical vertebra-the nature of the suspected lesion would constitute a clear contra-indication to the forcible throwing of the animal.
Parts of the horse, radiological examination of which may assist diagnosis.-Almost every part of the horse's body is a closed book to the radiologist, with the exception of the limbs. This field may appear to be a restricted one but its peculiar importance in veterinary practice needs no emphasis. When we succeed in producing radiograms of the horse's limbs, of constant good quality, we shall have gone to a useful length.
I am unaware of any attempts, successful or otherwise, to radiograph the horge's brain, spine, heart, lungs, kidneys or bladder. Further, since the horse is fortunate enough not to possess a gall-bladder, the need for cholecystography is non-existent. By the courtesy of the Principal of the Royal (Dick) Veterinary College, Edinburgh, I have seen some films of the horse's mandible and teeth, taken with the film in the intra-buccal position. So far as I know, they contribute the first efforts in X-ray examination of this region and the results seem sufficiently promising to merit further exploration.
With regard to the radiography of the horse's abdomen. We have made several attempts, in the first place on normal animals, and secondly on one horse in which a sarcoma of the pylorus was suspected and on another in which an intestinal calculus was probable. Post-mortem examination confirmed clinical diagnosis in the first of these two cases but not in the second. Radiological examination helped diagnosis in neither, although it told us a certain amount in other ways. The technique in all cases was purely experimental. After fasting, the animals were given 1' pounds of barium sulphate with gum acacia and water by the stomach pump. Examinations were made at the 4th, 8th, 10th, and 18th hours. Barium shadows were seen but their localization was impossible. Peptic ulcers and malignancies of these parts are rare, as compared with those in man, and the call for X-ray assistance in diagnosis may seem far-fetched. However, it is well to know where we stand, and I think anyone desiring to explore this region further may take it that barium shadows can be demonstrated in the horse.
This year two Continental workers have published a lengthy account of the digestive processes in ruminants, as ascertained by X-rays. The investigation was more physiological than radiological, and as only small animals (young goats) were employed as subjects, no technical difficulties were encountered. The inquiry is of interest however, as denoting a new field of employment of the X-ray in veterinary science. I say a new field, because ruminants were used; Cannon, of course, used cats for a similar purpose many years ago. It is also worthy of mention that Theiler used X-rays as an auxiliary in his researches into the mineral deficiency diseases-particularly aphosphorosis-of cattle in South Africa. Valuable information was obtained from a comparison of the widths of the compact and spongy tissues of the long bones in healthy and affected animals respectively. Now as to the radiology of the horse's limbs. Commencing above and working downwards, I know of no method of satisfactorily radiographing the shoulder, pelvis or hip. Not only is the approach to the bone which it is desired to X-ray covered by the corresponding bone of the opposite side, but the thickness of the body causes scattering which ruins the picture. The difficulty might be overcome in some cases by making the exposures from an ascertained angle, but much experimental work is necessary, and the infrequency of diseases of these regions has caused us to defer the inquiry. Much the same applies to the femoro-patellar-tibial articulation, although examination of this joint might be of more value clinically. We have found difficulty in penetration in this region, but with our present apparatus I believe this could be overcome. The shafts of the radius, ulna, tibia, and fibula are accessible, and X-ray examination is useful in suspected subperiosteal fracture. Lateral examination of the carpus is always worth carrying out. Antero-posterior views of the carpus are less easy to interpret, owing to the diffuse shadows cast, unless the rays pass perfectly straightly through the large interosseous canals. The metacarpus, metatarsus, and proximal and mesial phalanges can be well demonstrated, laterally in both limbs, and in addition antero-posteriorly in the fore-limbs and postero-anteriorly in the hind limbs. In these regions the casette is held by the hand of an assistant since mechanical holders have proved of no value. In view of this the amount of blurring due to movement is surprisingly small. There is usually a little evidence of movement over the sesamoids, but it is unlikely to impede diagnosis. Radiological examination of these regions is useful in suspected fracture, foreign bodies, osteo-periostitis, and exostoses of all kinds. Information as to the presence or absence of an arthritisand when this exists, the degree of joint involvement-is often forthcoming.
X-ray examination of the horse's foot and the structures within it opens up perhaps the most valuable field of all. The differential diagnosis of chronic disease in this region is most difficult at times, and radiological examination may afford great help. X-ray pictures of the feet of different sound and lame 'horses, taken by a standardized technique, showed marked variations which can be obs'erved with a little practice. I have drawn certain conclusions from what I have seen, but it will take much time and experience to interpret their real significance. Radiograms showing pedal osteitis are rare, whilst variations in the size and shape of the navicular bone are common. As navicular disease is incurable, we have been in the fortunate position of being able to compare clinical symptoms, radiological findings and postmortem appearances, and we find the X-rays pretty well vindicated. To radiograph the foot, including the navicular bone, necessitates a definite technique. We have never succeeded in showing it properly in an ordinary antero-posterior position. The navicular bone affords a curious problem to the X-ray examiner. It is a small bone, say two and a quarter inches in length and three-quarters of an inch in width, situated deeply within the horse's hoof, and radiological access to it is through the much thicker os corone, a position comparable in some ways possibly to a postero-anterior of the human patella. The technique we employ is as follows:-
The shoe is removed, and the frog clefts are cleansed and filled with horn paste; if the clefts are not so filled, their irregular outline throws shadows which mask the navicular region. With the exposure data previously mentioned, the horse stands on a reinforced aluminium casette and the rays are centred on the pyramidal process of the os pedis, from an angle of 60 degrees. The absence of appreciable distortion has been checked by a series of mensural tests. What are the X-ray appearances of a diseased navicular bone? I suppose caries of the tendinous surface of the bone is what one would expect to see. We found some difficulty in demonstrating these carious areas. The middle cleft of the frog crosses the region one wants to see and any small foreign body, such as a fragment of grit, may throw a shadow rewmbling a carious area. Hence the margin of error was large, and other changes which occur frequently in diseased navicular bones were looked for, namely, (1) Increased width Proceedivgs of the Royal Society of Medicine of the bone, due presumably to a rarefying osteitis and evidenced by a fluffy appearance mainly at the superior border. (2) The formation of bony spurs at the extremities of the bone. These spurs are not constant but occur very frequently, and when present are the most easily demonstrated pathological change.
From examination of over 200 navicular bones I find it most exceptional to get the spurs without carious areas being present in the tendinous surface of the bone, I believe if one can demonstrate these spurs radiologically, one may diagnose navicular disease without any hesitation. The matter of the early diagnosis of navicular disease in army horses is of economic importance. To wait until clinical symptoms are sufficiently marked to warrant an order of destruction may entail feeding a useless mouth for months. I have encountered one further appearance in five cases which I cannot interpret. This is an abnormal strand of bone which appears to run from the extremity of the navicular bone to the wing of the os pedis. I call it the "osseous bridge " and have found it only in lame horses. The five cases are at present under treatment but follow-up steps have been taken and I hope to make autopsies in due course. Is this strand of bone due to ossification of a portion of the coronopedal ligament? If so, it seems to be a condition wc know very little about.
Fluoroscopy.-I have been unable to employ the fluorescent screen usefully in equine practice. To see anything at all, a much higher current is needed than that customarily used, with regard to the safety of the operator.
The therapeutic utse of X-rays.-I can find no records of X-ray therapy for horses, but it ought to be tried, and I suggest canker of the foot as a good subject for a starting-point.
Dr. R. W. A. Salmond: In the examination of animals there are obvious technical difficulties, rising to impossibilities in the case of the larger ones. Some time ago I was asked to radiograph the hind limb of a pigmy elephant, and a fractured bone with a fragment of bullet in situ was shown. What impressed one most at the time was the great density of the hide and soft tissues as compared with the human.
The animals usually examined are less difficult. The smaller ones present few or no technical difficulties, but the larger ones may require a special radiographic table, or a veterinary operating table. The transport of the larger ones such as racehorses or valuable hunters, may be out of the question, and a portable apparatus is necessary.
Whatever apparatus is used, it should be powerful enough to allow the exposure of any ordinary-sized limb to be made in the fraction of a second with intensifying screens. This dispenses with the question of an aneasthetic and also solves many of the other difficulties in dealing with animals. It should be as noiseless as possible and no part of the tube should be brought nearer than 12 in. to the animal lest, its hairs being electrified, it should take fright. Disappointments and failures in animal radiology are, it is thought, mostly due to faulty technique. As there are no sure means of getting an animal to hold its breath, one has to depend on very rapid exposures to overcome the movements due to respiration, otherwise the shadows are blurred, especially those of the internal parts.
The most common conditions for which examinations are made are fractures and dislocations, or both combined, and foreign bodies swallowed or embedded in the soft parts. It is good practice to re-examine dislocations after reduction to make sure that they are really reduced, and it is well to remember that some swallowed foreign bodies, such as corks, pieces of stick, or sponges, may not cast any shadow. Since greyhound racing has become so popular, much work is done in diagnosing fractured toes and dislocations of the toe joints. Other uses are the determination of sarcoma, endothelioma, and tuberculosis of the long bones of dogs and cats, and diseases of the foot and limb bones in horses, also the detection of urinary calculi in dogs, the size of the pelvis in relation to breeding, and the determination of gestation. 660 30 31 Sections of Electro-Therapeutics and Comparative Medicine 651
The internal examinations, as opposed to those of the limbs, are more difficult.
Compare the natural attitudes of animals with those of man. The latter quite naturally lies on his back or stands facing you, and you see the two sides of his body quite separate. When an animal is standing or lying naturally, the two sides of its body are usually more or less superimposed, but if it is put in the dorsal position and the fore-limbs drawn up and the hind limbs down you can then see the two sides separately, and examine for, say, a stone in one or other kidney. Cases are recorded from time to time in which X-rays have failed to show stone when this was present; these failures are probably due to the technique rather than to the composition of the stone. It is interesting that the chemical composition of stones in dogs is similar to that of those in man. By a barium feed the condition of pyloric stenosis in dogs can be determined, or whether a swallowed foreign body is in the stomach or has passed further on. If in the stomach, the opaque fluid will be found to obscure the foreign body. No difficulty need be experienced in getting a dog or a cat to take this meal, in fact they usually take it with a better grace than human beings do. The thorax offers fewer opportunities. The more important smaller animalsdogs and cats-are, in this country, relatively resistant to pulmonary tuberculosis, but hernia of the diaphragm, opaque foreign bodies in the lungs or gullet should be detected, and also the less common conditions of hydrothorax, pneumothorax and actinomycosis. In the larger animals the examination is almost impracticable.
Some animal parasites are found both in man and in the lower animals, so that they are of medical and veterinary interest. When calcified or situated in an aircontaining space, such as the lung, they are readily detected by X-rays. Most important radiologically are hydatid cysts, the cysts of Cysticercus cellulosce and trichinosis. Hydatid cysts are occasionally found when one is radiographing the human lungs or abdomen, and show a fairly characteristic globular shadow, with usually a calcified wall. In the abattoirs these cysts are common and can be seen infesting the organs removed from cattle, sheep and pigs. Calcifiea cysticerci are also occasionally seen in the muscles of man as elongated opacities, about I cm. in length, lying in the direction of the muscle fibres. In those animals infected, namely pigs, dogs and cats, they show a similar appearance. Radiography for the detection of both these parasites is however not an economic undertaking in animals.
Another problem is that of expense. This may arise, especially in private practice, and if the economic value of an animal is taken into account, the requisite fee may be relatively high to that value, and is a limiting factor to more universal use of the rays. Fortunately there are other considerations, and when once an animal has found a place in our hearts and homes, a high value is generally placed on its life. The interpretation of the films or screen examination should be done by a qualified veterinary practitioner. The bones of the limbs and spine of animals are different from those which a medical radiologist is seeing daily, and, if only for this reason, it is thought that animal radiology should be in the hand of veterinaryrather than of medical-radiologists, unless these latter have had some training in veterinary science. The converse of course, also holds good. For those veterinaries not conversant with the many pitfalls in radiology, they are advised that a negative opinion on screen examination alone, especially as regards a fracture, should not be relied upon. Skiagrams should be asked for, as being more accurate and constituting a permanent record.
In radiotherapy much work has been done on the action of X-rays and radium on experimental malignant growths in rats and mice, and has added to the knowledge of the effects of this treatment in allied human tumours. Bearing in mind the results in these animals and in man, veterinary practitioners might consider the treatment of sarcoma and carcinoma in dogs by similar or combined means. It is interesting to note that domestic animals are affected with practically every 652 Proceedings of the Royal Society of Medicine 32 variety of malignant neoplasm known to pathology. The valuable information on the action of X-rays on the different blood-corpuscles in animals has helped in the treatment by radiation of certain blood diseases in man, and might be used in the treatment of canine leucemias.
The nutrition value of food stuffs as regards their vitamin and other essential contents, has been demonstrated by the growth of the bones in young animals and their controls, as shown by X-rays, and is being utilized in the prevention of deficiency diseases both in man and animals.
The sterilization of bitches and female cats by X-rays, when there is no question of breeding, to prevent the unpleasant events which occur at the cestral periods, might be considered as an alternative to the surgical method of spaying. Published references to this are hard to find.
While one fully realizes that, owing to circumstances, veterinary surgeons have to rely mainly on their own clinical acumen for a diagnosis, rather than on laboratory examinations-the multitude of which, it might be said, has almost befogged the medical profession-one cannot help thinking that radiology will be more and more widely used in veterinary practice as its value in suitable cases becomes better known, not only amongst themselves, but also among the laity. It will, of course, be remembered that this examination is meant not to supplant, but only to supplement, the manual examination.
In research work, radiology opens a fascinating field in the investigation of the internal functions of animals, many of which are as yet imperfectly known. Their elucidation would not only afford valuable information for veterinary science but would have a direct bearing on the better understanding of similar problems in man. The classic observations of Cannon, soon after the discovery of X-rays, on the movements of food in the stomach and intestines of the cat, were for a long time the basis of the accounts of these movements in textbooks on human physiology, and show how very closely related are the problems of human and animal physiology and pathology.
Lastly as to the future of veterinary radiology. This lies in well-equipped departments in the veterinary colleges, army veterinary hospitals, and veterinary surgeries, and also in the X-ray laboratories of institutes of anatomy and physiology, and of zoological gardens, but not in hospitals or clinics where human beings are examined. Speaking in general terms, veterinary radiology has not been developed so much as it might have been, and it is surprising to find how little reference is made to radiology in many veterinary textbooks. For further progress it is suggested that:
(1) more qualified veterinary surgeons should employ radiology, just as radiography was taken up by medical men and developed into medical radiology. Lieut.-Colonel E. Middleton Perry: The scope for radiology in veterinary science is much less than in the sister profession, and the work is essentially much more superficial. By this I mean that we are not able to go into the finer details in diagnosis by means of radiology as in the case of the human subject.
For instance, the employment of a bismuth meal in our patients is a very difficult problem. To obtain the desired result, we cannot get our animals to swallow the meal slowly and when required, neither can we get them to keep still while the preparation is being swallowed, in order that we may watch its progress down the alimentary tract. If this could be done it would be of great assistance in ascertaining the presence of foreign bodies of low specific gravity and less opaque nature, which one so frequently finds in the dog.
The use of X-rays for the diagnosis of gastric and duodenal ulcers in veterinary surgery needs hardly be considered as I believe these cases are extremely rare in our patients.
Again, owing to the small compass of the abdominal cavity of the majority of our canine patients, many foreign bodies, calculi, tumours, or other abnormalities can be felt by palpation, and therefore resort to X-rays is not necessary, and the same remark applies to many cases of fracture of the limbs.
These few points clearly show that there is not the scope for this kind of work in our patients, that the finer points of radiology cannot be made manifest, and that for the present we must make use of the rays chiefly to help us in the diagnosis of some of the more obscure fractures, callosities and the presence of foreign bodies.
Before expressing a definite opinion as to the reading of some radiographs considerable experience is necessary, as it is often by no means easy for the uninitiated to read a negative correctly. It is advisable to have a set of normal negatives for comparison.
Dr. J. B. King: I wish to review briefly some of the problems which have been raised within the last few years as a result of the X-radiation of the ovary in animals and human beings. As early as 1905 various workers had reported that, as a result of radiographing the ovaries, there was a rapid and complete disappearance of the Graafian follicles. This work was confirmed and extended, but up to 1913, research in this direction was almost entirely histological. More-recently, experimental work done with mice sterilized by X-rays has led to great advances in our knowledge of ovarian function but has at the same time, raised some interesting problems. By the introduction of the vaginal smear technique in mice, by Allen and Doisy, a reliable means has been provided for the study of the aestrus-producing ovarian hormone. While ovariectomy produces a complete cessation of the cestrus cycle, Parkes and others have shown that no such change follows a complete destruction by X-rays of all the Graafian follicles in both ovaries, and that the normal sexual cycle will develop in mice when the ovaries have been irradiated before puberty. The cestrusproducing hormone can, therefore, no longer be regarded as entirely a product of the follicles.
An interesting comparison with these results is found in the human female, where a cessation of menstruation follows treatment by X-rays of sufficient intensity to affect only the follicles. Further, however, it has been found by extended use of X-rays in gyntecological practice that, if the treatment is given during the first two weeks of the inter-menstrual period, the sterilization is immediate and no further period will follow. But if the treatment is given during the second two weeks, one, two, or even three, periods may occur. As it is now generally accepted that ovulation takes place about the fourteenth day of the cycle, there is here strong evidence of a causal relationship between ovulation and menstruation.
As has been described, X-rays have been the means of demonstrating that cestrus is not a direct result of periodic ovarian function. What then, is the controlling influence? Working from various clues, one of which was the well-known association of sexual aberration with hypophyseal disturbance, it has been established that the ovary is subject to control by an internal secretion from the anterior lobe of the pituitary body. Injection of extracts of the anterior lobe have been found to have remarkable effects on the ovary, one of which is the production of abnormal ovulation and excessive corpora lutea formation.
It has been shown that experimental irradiation of the ovaries has led to important findings, in no way indicated by ovariectomy. It is logical to expect that irradiation of the pituitary body will yield similar results. Excision of the pituitary bodv in rats has been done by Smith, but in X-rays we have a means by which certain cells may be destroyed, while others are kept intact. At present the anterior lobe of the pituitary body is credited with the production of two, three or even four distinct internal secretions. I suggest that X-radiation of this gland offers one of the most likely lines of experimentation. For the study of the effects of the pituitary body on 654 Proceedings of the Royal Society of Medicine 34 the ovary it is desirable that the work should be done on mice, and this may be possible by the use of a narrow beam of gamma-rays, produced on lines similar to those followed in the radium " bomb" treatment of human carcinoma.
Professor J. McCunn said that some time ago at his institution they had a horse which was suspected to have odantomnxta. The horse was cast and radiographed, and the odontomata showed. up very well. Sinuses in the horse's head could also be examined, and it could be seen whether or not the teeth were normal. Often alveolitis could easily be demonstrated in the horse. The antero-posterior view of the carpus in the horse was difficult because the pisiform was in the way. At an earlier date he interpreted the shadow of the pisiform as an abscess, and took credit to himself for having effected a remarkable cure of the condition! The navicular bone was the bugbear of the veterinary surgeon; probably Major Pryer would obtain more valuable results from lateral views. Caries of this bone might occur, and sometimes it showed an erosion one-eighth of an inch deep.
Examination of the dog by X-rays was not difficult. He (the speaker) had recently had four examples of hydrothorax in that animal, and the X-ray findings had been very good.
A point had been raised about the hair being electrified. A radiologist told him that there was nothing serious in this. He found that immediately one switched on the machine, when radiographing the horse, the animal gave a jump, but was afterwards still. The rays were very useful for detecting fractures and dislocations. He thought at one time that nothing could be done in a case of dislocation of the head of the femur of the dog, an accident which, in these days of motor vehicles, was very common, but in 80% of the cases this could be reduced and the dog restored to normal with the diagnostic aid of X-rays.
Dr. Salmond had introduced the question of gestation in dogs. A good deal of work had been done on that subject, but the rays had not shown any foetal puppies in his (the speaker's) cases, probably because of the amniotic fluid. Dr. Salmond had suggested that radiologists should concentrate on stones in the kidney and pyloric stenosis in dogs, but these were very uncommon in the dog. Gastric and duodenal ulcers also were rare in dogs. Large dogs frequently suffered from osteosarcoma of the lower end of the radius, and X-rays were useful in detecting this.
It was doubtful whether X-rays were of much use in the sterilization of animals; the effort was generally in the other direction-trying to make sterile animals fertile, and to this end ultra-violet rays were used. He knew one case of the kind which was a success. There was much scope for the use of X-rays in animal practice; the chief difficulty was one of finance. Dr. A. E. Barclay said he did not think that the range of X-rays bad been adequately explored in physiology and zoology, or in veterinary surgery, and there was an enormous field waiting. Just as radiology had changed human clinical medicine, so it would, in due course, change many conceptions of veterinary work and -comparative anatomy. In conjunction with Mr. Harris, of the field laboratories, much work had been done on the question of vitamins as affecting the epiphysis of rats. In studying the mechanism of swallowing he had found that cats were too temperamental for the research, and dogs bolted their food, whereas hens and worms behaved quite nicely! There were many problems connected with swallowing in man on which light was thrown by X-ray investigations on animals. Textbooks on physiology stated that the act of swallowing was a succession of propulsions, beginning with the tongue, but a study of the hen's mechanism showed that it was largely accomplished by suction.
The hen was a great air-swallower, probably because of the size of its pharynx. One could also watch seeds being digested in the gizzard, and see the length of time 35 Sections of Electro-Therapeutic8 and Comparative Medicine 655 taken for the food to move along. The mechanism of defaecation was also interesting to studv. The rectum straightened out and was drawn back over the wastage, thus bringing about its expulsion. In fact, the whole mechanism of the alimentary tract in animals was a terra incognita that was ripe for exploration by means of X-rays.
It was a line of research that was not only of value in itself but had great possibilities as a comparative study that would help us to understand more of the mechanism in man.
Dr. James F. Brailsford: There is no question that the chief factor against the use of radiology for animals is the expense. No expense, time or skill is spared in the treatment of human beings, even when it is known beforehand that the best result will mean that the patient will be more or less of an invalid or cripple. In the case of an animal-even of a pet-its future condition is seriously considered, and if the prognosis suggests disablement it is usually decided to " put it to sleep." Personally, I think that there is a tendency to give this advice too often, without making quite sure of the diagnosis. For the X-ray investigation of animals, the plant needs to have the greatest output, because most of the radiograms have to be taken instantaneously and from a distance of three or four feet, owing to the difficulty of controlling the movements of the animal. In order not to alarm the animal the apparatus must work as . . . . . . . . . . . . . . . . . . _ _ z -. . . . . . . . . r -. r 656 Proceedings of the Royal Society of Medicine 36 silently as possible and anything like a sudden noise from a switch or rotary must be avoided. For the X-ray examination of dogs, cats, and the legs of most animals, the films of the size ordinarily in use in a radiologist's department are sufficient, but if the chest or abdomen of the larger animals such as cattle or horses is to be examined, much larger films have to be used. There are many conditions in animals the diagnosis and treatment of which would be helped by radiography. Many of the pathological conditions found in man   FIG. 2. -A fracture of the right scaphoid of a dog. This dog had been injlired a month before and had been treated as for an injury to the right hip-joint.
are seen in animals, though the frequency may be much different and the lesions dissimilar. As an instance, tuberculosis in cattle and pigs is fairly common and is frequently seen involving not only the lungs, liver, and serous membrane, but also the spinal column. Bone disease can be shown by X-rays, and as calcification takes place earlier in tuberculous deposits in these animals, and to a greater extent than in man, the lesions would be more readily shown in a radiograph. Hydatid disease of the lung, relatively uncommon in man, but very much more frequent in animals, 37 Sections of Electro-Therapeutics anzd Comparative Medicine 657 could be detected. Strongyli in the lungs oI animals are so common and apparently of so little importance that they are ignored, but, in the sheep particularly, Strongylns rutfescens readily calcifies and radiograms of the lungs give a picture rather like miliary tubercle. Gas formation in the limbs of animals suffering from " black leg" or " quarter evil" could be detected by X-rays. The calcifications in the muscles of animals, due to sarcosporidia, would be shown in the radiograms. The X-ray demonstration of lesions in the food animals, though of scientific interest, is much too costly for veterinary practice, and could only be considered in animals of great value for breeding purposes. The expense of a first-class X-ray unit and its upkeep is more than could be reasonably borne by any veterinary surgeon in general practice, apart from the time which would have to be given to a study of the technique of radiography and the interpretation of the radiograms. To attempt the work with small apparatus would only be to go to an expense which would bring disappointing results. FIG. 3. -A large stone impacted in the intestine of a dog. The intestine is seen to be distended with gas in front. This dog had been treated as for " gastric influenza."
The greatest use, however, of X-ray investigation of animals is the detection of fractures and the position of the bones and the detection of foreign bodies. In connection with these investigations I have had the cooperation of Mr. T. N. Gold.
The actual demonstration of the site of fracture and the position of the fragments assist the veterinary surgeon in treating the condition. Often the lesion is quite away from the supposed site, and rest is given to the uninjured part, while strain is put upon the injured bone. Without the aid of X-rays fracture of the elements of the carpus and tarsus is frequently missed (see fig. 2 ). This occurs only too frequently in man, who can point to the site of the pain.
The fragments can be set in good alignment, and radiograms can be taken subsequently in order to see whether sound bone uniorn has occurred.
The detection of foreign bodies, particularly those obstructing the alimentary canal, is perhaps the best life-saving use of X-rays. As with man, a preliminary 658 Proceedings of the Royal Society of Medicine 38 search for the foreign body must be made before any opaque meal or enema is given. If this does not reveal the foreign body, barium paste can be watched down the cesophagus and through the alimentary canal. Or, if the obstruction appears to be in the lower bowel a barium enema can be given. [A series of radiograms, illustrating obstruction in the ceeophagus of a dog, only seen after thick barium paste had been given, was shown.] I have known of a number of animals diagnosed and treated for such things as "internal distemper" and ' gastric influenza," in which an X-ray investigation has revealed the presence of a foreign body ( fig. 3 ). Cattle frequently swallow long pieces of metal wire in their fodder, and this in many cases pierces the stomach FIG. 4. -The lungs of a dog, alter injection of the bronchial vessels by Professor Daly. and the pericardium. It would be possible to detect the wire by an X-ray investigation and in this way assist the diagnosis and prognosis where the value of the animal warrants such an expensive inv'estigation and subsequent treatment, in face of the risks of any operative procedure. Much information in comparative anatomy, physiology and pathology can be obtained by radiographic investigation (see fig. 4 ).
Dr. A. Eidinow said that one thing common to men and animals was the question of the lethal action of rays. Both men and animals could be burned and killed by heat. A section of the profession maintained that there was no such thing as "light stroke," bi t it was found possible in the laboratory to kill animals by pure visible light, excluding the infra-red rays. Animals could be killed by visible light if photo-dynamic substances were used, and also by intensive doses of ultra-violet rays, but it was necessary in that case to shave off the hair to get the full effect. Ultra-violet rays could only act on the surface layers of living tissue cells.
Animals could also be killed by intensive doses of X-rays and radium. When looking at the pathological picture of animals which had been killed by any form of radiation, one was struck by a common similarity of all of them. He was studying the action of intensive luminous rays and the appearance of animals killed by 39 Sections of Electro-Therapeuttics and Comparative Medicine 659 ultra-violet rays. He found that the; animals often died two or three days after irradiation and showed an area of necrosis in the skin and intestines, with a haemorrhagic condition of the lung, and what he took to be thrombosis of the coronary vessels of the heart. If the post-mortem examination was carried out immediately after death it would be concluded that the animal died from thrombosis in some of the large vessels.
He had carried out a research with radium, using betaand gamma-rays. He used small rats weighing 50 gm., and applied a 100-mgm. plaque screened with 1 mm. of silver, and the rat died within four days if about 15 hours' irradiation was given. It was therefore possible to standardize a lethal dose of radium for the rat. Again, as with intensive luminous ultra-violet irradiation, there were areas of necrosis and haemorrhages in the gut, and there was probably thrombosis in the large vessels.
The hypothesis he wished to put forward, as a consequence, was that these forms of irradiation, by destroying cells, liberated some toxin-a cyto-toxin-which might damage the lining of the blood capillaries and so give rise to death in consequence of a clotting in the large vessels. It was a condition which he would call " radiotoxwmia."
Professor G. H. Wooldridge (President, Section of Comparative Medicine) said that the subject was divisible into two different sections: (1) the use of X-rays for purposes of diagnosis; (2) the curative effects of X-rays and other emanations or forms of light. The greatest sphere so far was the diagnostic, but he agreed with Dr. Salmond that X-rays should not be expected to supplant the ordinary manual examination; they must be looked upon as supplementary, in difficult cases. His own experience had not been with taking radiographs, but with their interpretation, of which he had done a great deal. In many cases he had been unable to get any assistance from X-rays, and sometimes a well-taken skiagram was misleading. He therefore relied chiefly on ordinary clinical methods, though admittedly the rays constituted a valuable supplement.
Major Pryer spoke of the difficulties of radiographing the horse, and it could easily be seen that these difficulties were mostly due to the quantity and density of the bodytissues to be penetrated. It was an easier matter in the case of the feet and the limbs. The technique suggested for radiographing these was doubtless valuable, and he hoped Major Pryer would persevere with it. He, the speaker, recently had to have a horse's foot examined by X-rays to see whether there was any disease of the navicular bone. It would be evident, from the pictures shown during this discussion, that it was not easy to trace simple erosion when superimposed upon a dense layer of bone, perhaps 1d in. thick. Major Pryer had stated that the presence of spurs at the end of the navicular bone was diagnostic of navicular disease, but in many cases of navicular disease there were no spurs.
His own chief difficulties had been in connection with urinary calculi in the kidney of the dog. So small were these stones and the tissues to be penetrated so dense, that it was very difficult to make them out. Stones in the bladder were easily detected. It was common to find urethral calculi in the male dog W in. in diameter; they were arrested at the os penis, just where a tubercle occurred on it. Only by careful and repeated exposure to the rays could these be detected. If the exposure was negative in this situation, he disregarded it and resorted to surgical measures, with good results to the patient.
Some of the skiagrams shown-such as those of cysticerci-were of no service to the clinician. They were from dead specimens, and he suggested that no one would dream of expecting to diagnose by X-rays calcified cysts in the musculature of a domesticated animal. It might not be the same with sarcosporidiosis, because often these were present without symptoms. In this disease in the sheep and pig X-rays might be useful for detecting it, but one would not imagine the owner of a pig ready to bear the expense of the rays for such a diagnosis; his line would be a matter of economy-if it was fit for food, well and good, if not, it must be destroyed.
With regard to sterilization by X-rays, the subject was interesting, but the surgical process in animals was comparatively easy, and patients did very well after it. Even after excision of ovaries and uterus, the animal would run about in apparent health within a week, and mares had been known to hunt on the day the ovaries had been removed.
His colleague, Professor McCunn, had said be had not been able to see the foetuses in bitches by X-rays. He, the speaker, had had two successes in that way. A bitch was submitted to him which he had known to have calculus in the bladder. She was then pregnant and had gone a week beyond the normal time for delivery, and the question was as to whether operation should be performed. As she was becoming weak, he decided upon radical operation. The uterus, containing one pup and a portion of another, was removed, and a stone was taken from the bladder at the same time. In that case the puppy and all the details came out clearlyin the skiagram.
The use of X-rays in experimental work would do away with the need of much vivisection ; many functions, such as swallowing and peristaltic action, could be shown more clearly by X-rays. Shortly this radiograph would be linked up with the cineimatograph, and by this means much experimental work in demonstrating physiology would be obviated. Members of the Section of Comparative Medicine felt that they had yet a long way to go, and not much would be accomplished until a number of veterinarians could afford the time to take up radiology more thoroughly than had been possible up to the present).
Dr. Chalmers Watson said that this discussion had ranged around the word ' comparison " and that could be applied in three important directions: (1) in regard to pathological appearances, (2) from the point of view of treatment, (3) from the wider and more important aspect of nutrition. He had hoped to learn from this discussion more of the fundamental aspect of the whole question in regard to nutrition in animal and plant life; all chronic inflammatory and degenerative changes in animals and man were end-results of some definite disturbance of nutrition. If it was true, as Dr. Barclay had stated, that radiology had profoundly modified physiology and clinical medicine, it was still more true to say that the wider application of what. was now termed physiotherapy, to the problems of nutrition, to their disturbances in man and animals, and to their treatment, would exercise a much more drastic change in our present teaching and practice.
During the past year he had been directing some attention to diseases in pigs and poultry. Not long ago he had the joints of young pigs examined radiologically, and interesting appearances were seen in the bones and general skeleton. His difficulty, owing to the newness of the subject, was in getting assistance in interpretation from veterinary experts, but, judging from the enthusiasm shown in this discussion, it would probably not be long before that difficulty would be overcome. He had recently spent an interesting afternoon at an experimental poultry farm conducted by the National Poultry Breeders' Association, under a capable head. In one experiment which he had seen, Mr. Newman had tried out results with a much vaunted mash for poultry. That dietary had caused in many animals a complete picture of what is commonly regarded as rickets-a disturbance of nutrition revealed by the state of the feathers, anaemia revealed by physical and mental apathy of the bird, the colour, etc., of the comb, the enlargement of certain joints, and by other deformities. When asked what were the X-ray appearances, Mr. Newman stated that these were 41 Sections of Electro-Therapeutics and Comparative Medicine 661 not known. Dr. Fulton, of the radiological department of Edinburgh Royal Infirmary, made a radiological examination of some of these birds, with an interesting result which it was unnecessary to give in detail at the moment.
Nutrition was profoundly important, and should be more carefully studied. The leading commercial houses which produced animal foods for use in the agricultural industry were now advertising irradiated foodstuffs, and it was very important that the commercial exploitation of these foods should not be in excess of what was known. For the past year or two he had been giving attention to ultra-violet rays as applied to milk, applying those rays to whole milk and to milk from which the fat content had been largely removed.
He would suggest that at some subsequent meeting this subject might be again reviewed, taking the wider standpoint of nutrition. Under present conditions the medical members of the Public Health service were specially interested and sympathetic to the subject of " radiation " in all its important bearings.
